In this paper, nonlinear forced vibration analysis for thin rectangular plate with four free edges on nonlinear elastic foundation is researched. Based on Hamilton variation principle, the equations of nonlinear vibration motion for the thin rectangular plate under period loads on nonlinear elastic foundation are established. In the case of four free edges, the suitable expressions of trial functions satisfied all boundary conditions for the problem are proposed. Then, we convert the equations to a system of nonlinear algebraic equations by using Galerkin method and they are solved by using harmonic balance method. In the analysis of numerical computations, the effect to the amplitude-frequency characteristic curve which due to change of the structural parameters of plate,the parameters of foundation and the parameters of excitation force are discussed.
Introduction
Rectangular plates are widely used in civil engineering, such as rigid concrete plates,airport runway,high buildings' foundation,cushion cap foundation and so on. Nowadays, lots of scholars [1] [2] [3] [4] [5] [6] [7] [8] [9] at home and abroad have done some research on mechanical property about the elastic rectangular plates. The research are limited to the analysis on free vibration of the elastic plates, concerning little about forced vibration aspect. So nonlinear forced vibration analysis for thin rectangular plate on nonlinear elastic foundation should been studied forward.
In this paper, forced vibration characteristics are deeply researched after document [3] which analyses the free vibration for thin rectangular plate on nonlinear elastic foundation and document [6] which studied the static characteristic. Considered the nonlinear foundation mode and based on Hamilton variable principle, the nonlinear forced vibration equations of motion are derived for the thin rectangular plates under simple harmonic excitation loads, then the equations are solved by using Galerkin method and harmonic balance method. At last, we discussed the resonance properties and the effect of the amplitude-frequency characteristic curve which due to different parameters.
Basic Equations
Consider a rectangular thin plate (as Fig.1 ) under the action of transverse distributed simple harmonic excitation loads 0 ( , , ) ( , ) cos q x y t q x y t θ = , having the dimensions of a b h × × , where, 0 ( , ) q x y is the amplitude for the excitation, θ is the frequency for the excitation. The foundation is the nonlinear Winkler foundation mode that can be expressed as The total potential energy of the system is expressed as
Based on Hamilton variational principle, the total potential energy is the minimum value when the system reached to the equilibrium state:
, that is to say 
ρ ， J are the density and the moment of inertia for the plate;
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According to the relationship to the membrane stress,bending stress and displacement for the thin plate, we can obtain the nonlinear forced vibration governing equations of motion for the rectangular thin plate on nonlinear foundation as Eq.3: (1 )
Then, the dimensionless nonlinear forced vibration governing equations of motion for the rectangular thin plate can be expressed as Eq .5:   4  2 2  4  2 2  2  1 ,  1 2 ,  2 ,  1 2  ,  ,  ,   4  2 2  4  3  1  ,  1 2 ,  2 ,  1  2  ,  3 , , , 
And dimensionless boundary conditions can be expressed as Eq.6:
Solution
According to the boundary conditions, a solution of Eq.5 is assumed in the separable form as Eq.7:
Where, , , , m n p q X Y Φ Ψ are assume functions, their expressions are not listed for limited typeface.
Above shape functions satisfied all boundary conditions obviously. Substituting Eq.7 into Eq.5, by using Galerkin method and harmonic balance method, the nonlinear ordinary differential equations in terms of ( ) 
Numerical analysis and discussion
If we don't consider the effect of the simple harmonic excitation, then the problem becomes free vibration analysis of rectangular thin plate with four free edges on nonlinear foundation. The theoretical study and numerical solution have been listed for the problem, it's suggest that the derivative process,trial functions selection and solution method are correct.
In the numerical analysis, we discuss the forced vibration analysis of thin rectangular plate with four free edges on nonlinear Winkler foundation. Here, assuming the base of the foundation is composed of general clay soil, it's reaction modulus Fig.2,Fig.3 show the effect of the forced vibration amplitude-frequency characteristic curve which due to the foundation reaction modulus changing. From Fig.2-3 we know that with the increase of the foundation's reaction modulus, the plate's forced vibration frequency tends to increase too, that is to say, it's benefit to rise the forced vibration frequency by increase the foundation stiffness suitably. Fig.4 we know that with the increase of the plate's thickness, the forced vibration frequency tends to increase when the forced vibration amplitude is a constant. From Fig.5 we know that with the increase of the excitation amplitude, the forced vibration frequency tends to decrease when the forced vibration amplitude is a constant. Progress in Industrial and Civil Engineering Fig.6 shows the effect of the forced vibration amplitude-frequency characteristic curve when changing the excitation frequency. Here, we analysis it by changing frequency ratio s ω Θ = . From Fig.6 , forced vibration amplitude W increase quickly when excitation frequency approach to natural frequency of the system, it can be expressed as 1 s → , we can see the resonance region 0.7~1.3 s = clearly; We also can conclusion that the forced vibration frequency tends to decrease with the foundation linear parameter's increase and nonlinear parameter's decrease.
Conclusions
In this paper, forced vibration analysis for the thin rectangular plate with four free edges on nonlinear elastic foundation is researched, and discussed the effect of the forced vibration amplitude-frequency characteristic curve when different parameters changing.
The forced vibration frequency on nonlinear foundation tends to increase with the increase of the forced vibration amplitude. When the forced vibration amplitude is a constant, the forced vibration frequency tends to larger with the increase of plate's thickness and foundation reaction modulus; But the forced vibration frequency tends to larger with the decrease of the excitation amplitude. Forced vibration amplitude W increase quickly when excitation frequency is 0.7~1.3 times natural frequency, it takes on resonance properties obviously.
